I. INTRODUCTION
Historically there has been considerable interest in the use of silicon as a substrate material for high temperature superconductors [1] - [8] . Some of this interest has been motivated by the desire to produce integrated high T C superconductor -semiconductor structures [4] , [5] . Other works have cited a desire to use silicon substrates (notably Si on sapphire) for microwave applications [6] .
In this work we decided to use (100) oriented silicon with a yittria stabilized zirconia (YSZ) buffer layer. Other work in our group has explored the overall practicality of using Si as a microwave substrate [9] ; the work reported on here was an effort to see what the probable limits for this material system might be in terms of unloaded quality factor (Q).
The test structure selected was a lightly coupled (gap coupled) coplanar transmission line of nominal characteristic impedance of 50 Ω. The following sections detail the design, fabrication/processing, testing and results of these devices. In the final section we discuss the implications of these results and outline future work. double-sided samples in our buffer layer deposition system we decided to use a single sided, coplanar resonator structure. In order to make the results as simple to interpret as possible a gap-coupled end fed resonator design was selected. A meander structure was made necessary by the substrate sizes being produced and our inability to make measurements at frequencies above 6 GHz. Once the design and design constraints were set the structure was simulated in a commercially available microwave electromagnetic analysis program (initially Sonnet Lite, later in the full version of Sonnet) and the design was finalized and a mask was generated using a simple 10X photo reduction onto Kodalith using a 35 mm camera. The original mask was a 1200 dot per inch laser printer print. A copy of the final design (mask) is shown in Fig. 1 . Fig. 2 shows the cross-section of the half-wave resonator wave guide.
II. EXPERIMENTAL

A. Design
B. Fabrication and Processing
Square pieces of 15 mm × 15 mm in size were cut from 100 mm diameter p-type, 53 to 56 Ω⋅cm, (100) oriented single-side polished silicon wafers with 500 nm of oxide on them. These substrates were then degreased and ultrasonically cleaned in a 1:10:1 HCl:
After degreasing the substrates were deglazed in a 10:1 DI:HF solution, rinsed in DI water, blown dry and immediately loaded into the vacuum deposition chamber, Superconducting Half-Wave Microwave
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The YSZ buffer layer was deposited using pulsed dc magnetron sputtering using a (Y 2 O 3 ) x (ZrO 2 ) 1-x (x = 0.08) target. The deposition was performed at 800°C -830°C in a flowing argon-oxygen mixture (92% Ar, 8% O 2 ) with the O 2 pulsed on and off in a 50% duty cycle with a 240 s period (120 s on, 120 s off). Deposition pressure was from 13-15 mTorr. Typical deposition time was 15 min. The layer formed was approximately 15 nm thick and highly oriented with a small amount of in-plane randomness according to the x-ray diffraction data. Exact processing details are discussed in [5] , [6] .
After the YSZ buffer layer was deposited the sample was removed from the sputtering system and mounted, using colloidal silver paste, on the stainless steel heater in the pulsed laser deposition system. The YBa 2 Cu 3 O 7 film was deposited from a stoichiometric target at 760°C in atmosphere of 500 mTorr of O 2 using a tripled, Q-switched, Nd-YAG laser (λ = 355 nm, P = 150 mJ/pulse). After deposition the sample was quenched in 200 Torr of static O 2 and removed after a 40 min cool down.
The coplanar half-wave meander-line resonator structure was made using normal lithography: positive photoresist (AZ -4620 donated by Clariant Corporation) was spun on the film, soft baked at 90°C, then exposed, developed, rinsed and etched in a 3 % acetic acid solution, rinsed again and blown dry. The remaining photoresist was removed using acetone. The sample was then rinsed in methanol and blown dry.
C. Testing
As a first test of the processing samples were subjected to a resistance vs. temperature measurement. This was done in a computer controlled closed cycle refrigeration system dedicated to this task. YBa 2 Cu 3 O 7 on YSZ buffered Si samples prepared using this process showed a transition temperature, T C (R=0), of 82 K (Fig. 3) , YBa 2 Cu 3 O 7 on LaAl 2 O 3 samples measured on this system exhibit T C (R=0)'s of 87-89 K.
All microwave data were taken on a HP 8753B network analyzer with an s-parameter test set connected to a Janis closed cycle refrigeration system. Temperature data were taken using a Lakeshore model 330 temperature controller and all measurements were made with the refrigerator turned off to minimize vibration induced noise. The tested samples were carefully mounted in a test fixture of machined aluminum with SMA connectors rated to 13 GHz on each end. Particular attention was paid to the connection of the aluminum package to the ground planes on each side of the center conductor of the resonator.
III. RESULTS
A fairly wide frequency range scan of the s 21 resonances of this structure are presented in Fig. 4 . Note that this is an odd mode resonance -i.e. it is a notch rather than the more conventional peak seen with microstrip structures of a similar nature. This mode was accurately predicted in our Sonnet simulation, although the frequency was slightly different. This was not surprising as the dielectric constant (the YSZ was ignored in the simulation) and dimensions in the tested sample and the simulation were only the same to within a few percent at best as a result of our lithographic limitations and simulation mesh size. Note that the resonant frequency increases with temperature; this suggests that the temperature dependence is not due to kinetic inductance changes nor to thermal expansion of the substrate as these would drive the resonant frequency to lower, not higher, values. This leads us to believe that the loss mechanism responsible for the degradation of Q with temperature is the thawing of frozen out charge carriers in the silicon as the sample warms.
IV. CONCLUSIONS
It should be possible to use properly buffered (100) oriented silicon in microwave devices of reasonably high Q at temperatures below 50 K. We have seen Q values in some of these structures which were in excess of 100,000 at 16-20 K, however all devices made did not demonstrate quite this high a Q -the minimum was well over 50,000 at 20 K. By using higher resistivity Si it should be fairly easy to reduce the temperature degradation considerably and Q values in the range of tens of thousands at 40-50 K should be possible.
We are not completely certain as to how these results would translate for silicon-on-sapphire but, since the doped silicon layer is considerably thinner, we would expect an improvement.
Given the cost differential between Si and LaAl 2 O 3 and that Si is often available as "scrap" or donated substrate material it may prove to be a very interesting material for use in environments where thermal cycling can be minimized or where substrate size and cost are of paramount importance (300 mm (100) Si is available, 100 mm LaAl 2 O 3 is difficult to obtain and 100 mm MgO is, at this time, not available at any price).
V. FUTURE WORK
Further work is planned on high resistivity silicon, with a CeO 2 interface layer between the Si and the YSZ and, provided substrate material becomes available, on silicon-onsapphire. 
